Purpose The impact of scope of practice of providers (predominantly adult versus predominantly pediatric) on the outcomes of cerebrovascular procedures in children remains an issue of debate. We investigated the association of scope of practice with the outcomes of cerebrovascular interventions. Methods We performed a cohort study of all pediatric patients (younger than 18 years old) who underwent cerebrovascular procedures from 2009 to 2013 and were registered in the Statewide Planning and Research Cooperative System (SPARCS) database. In order to control for confounding, we used propensity score conditioning and mixed effects analysis to account for clustering at the hospital level.
Introduction
Cerebrovascular interventions are technically demanding, and their practice is typically limited to providers with additional fellowship training and particular subspecialty expertise [1, 6, 16, 17] . Most vascular pathology is encountered in adults. Although rare, pediatric cerebrovascular disease poses challenges related not only to the pathology but also to the patients' age and the specifics of clinical management in this population. In this case, the transition of care from adults to children is not intuitive. Pediatric patients have significantly smaller blood vessels, less atherosclerotic burden, higher frequency of syndromic pathology with multiple lesions, and Electronic supplementary material The online version of this article (doi:10.1007/s00381-016-3114-2) contains supplementary material, which is available to authorized users. diseases that are extremely rare in adults, such as Moyamoya or vein of Galen malformations [3] [4] [5] . Pediatric neurosurgery requires extensive postresidency training to familiarize the physician with the specific challenges of this age group.
It is often questioned whether cerebrovascular specialists with adult practices can perform interventions in children as successfully and safely as providers focusing only on this age group do. However, limited literature exists attempting to answer this question. Prior studies of cerebrovascular interventions in children have reported the outcome of treating cerebral aneurysms, arteriovenous malformations (AVMs), and vein of Galen malformations and have demonstrated differences in characteristics and management in comparison to adults [3-5, 8-10, 15] . No prior study has investigated the association of scope of practice with the outcomes of cerebrovascular interventions in a comprehensive cohort of pediatric patients.
We performed a cohort study of pediatric patients, who were registered in the New York Statewide Planning and Research Cooperative System (SPARCS) [7] , to investigate the association of predominantly adult practices with the outcomes of cerebrovascular interventions. The outcomes examined were inpatient mortality, length of stay, and discharge to a facility. We utilized a battery of approaches to control for confounding including regression adjustment, propensity score adjustment, and mixed effects models to account for clustering at the hospital level.
Methods

New York Statewide Planning and Research Cooperative System
All patients younger than 18 years who underwent cerebrovascular procedures and were registered in the SPARCS (New York State Department of Health, Albany, NY, USA) [7] database between 2009 and 2013 were included in the analysis. For these years, SPARCS contains patient-level details for every hospital inpatient stay and outpatient visit (including ambulatory surgery, emergency department services, and outpatient services rendered by hospital extension clinics) in the New York state as coded from admission and billing records. More information about SPARCS is available at https://www. health.ny.gov/statistics/sparcs/.
Cohort definition
We used the International Classification of Disease-9-Clinical Modification (ICD-9-CM) codes to identify patients with unruptured or ruptured cerebral aneurysms (ICD-9-CM code 437. 3 
Outcome variables
The primary outcome was inpatient mortality. Secondary outcomes were as follows: length of stay (LOS) during hospitalization and rate of discharge to a facility. Discharge to a facility was defined as discharge to any location other than the patient's home.
Exposure variables
The primary exposure variable was receiving treatment by a physician with a predominantly adult practice. A provider was considered to have a predominately pediatric cerebrovascular practice when more than 70 % of their total cerebrovascular case volume involved pediatric patients. Similarly, a provider was considered to have a predominantly adult practice when <70 % of their total cerebrovascular case volume involved pediatric patients and the majority of their patients were adults.
Treatment modality (clipping, coiling, craniotomy or endovascular approach for AVM, and bypass for Moyamoya) was included in the adjustment analysis. Data regarding attending-specific surgical volume (number of total cerebrovascular procedures) were also available and included in the adjustment.
The covariates (Table S1 ) used for risk-adjustment were age, gender, race (African-American, Hispanic, Asian, Caucasian, other), and insurance (private, Medicare, Medicaid, uninsured, other). The comorbidities used for risk adjustment were diabetes mellitus (DM), smoking, chronic lung disease, hypertension, hypercholesterolemia, congestive heart failure (CHF), history of stroke, transient ischemic attack (TIA), alcohol abuse, obesity, chronic renal failure (CRF), and coagulopathy. Only variables that were defined as Bpresent on admission^were considered part of the patient's preadmission comorbidity profile.
Statistical analysis
To compare outcomes between providers with predominantly adult practices and providers with predominantly pediatric practices, we used several methods to address confounding, one of which was based on propensities. Initially, to compare inpatient mortality and discharge to a facility between predominantly adult practice providers and predominantly pediatric providers, we employed a multivariable logistic regression analysis including all the covariates listed above and the providers' case volumes. To account for the clustering of observations within hospital facilities, we employed mixedeffects models with facility name as a random-effect variable. For the analysis of LOS, we employed the corresponding versions of the multiple linear regression models. Due to the predominately positively skewed distribution of LOS, a logarithmic transformation of LOS was utilized.
To further control for confounding, we used regression models with adjustment (stratification) by deciles of propensity score. To derive the propensity of undergoing treatment by predominantly adult practice providers, we developed a prediction model using logistic regression based on the covariates described above.
Additionally, as part of the sensitivity analyses, we examined the effect of various other definitions of predominately pediatric cerebrovascular providers (in our primary analysis, those were defined as providers with more than 70 % of their practice consisting of pediatric patients) on outcomes [2] . Specifically, we repeated all the above analyses considering different thresholds to define predominately pediatric cerebrovascular providers, including providers with more than 90 or 100 % of their practice consisting of pediatric patients. However, due to the nature of the pathology and its rarity among pediatric populations, the above thresholds created significantly imbalanced cohorts. However, the direction of the observed associations was identical in these different iterations, and therefore these results are not reported. Lastly, in prespecified subgroup analyses, we examined the differences in outcomes for different procedures (clipping, coiling, craniotomy for AVM resection, bypass for Moyamoya), controlling for all covariates listed previously including case volume. The direction of the observed associations was identical in these subgroups, and therefore, these results are not reported.
Given that we had 1243 patients and approximately 50.3 % were treated by providers with predominantly adult practices, we had an 80 % power to detect a difference in mortality as small as 15.8 % between the two groups, at an α-level of 0.05. All probability values were the result of two-sided tests. Statistical analyses were performed using the 64-bit version of R.3.1.0 (R Foundation for Statistical Computing) and SPSS version 22 (IBM, Armonk, NY, USA).
Results
Patient characteristics
From 2009 to 2013, there were 1243 pediatric patients (average age 8.5 years, 48.7 % female) who underwent cerebrovascular interventions in the New York state and met the inclusion criteria for the study. From these patients, 631 (50.7 %) underwent treatment by a provider with predominantly adult practice, whereas 612 (49.3 %) underwent treatment by providers operating predominantly on children. The respective distribution of the exposure variables between the two types of providers can be found in Table 1 .
Mortality
As demonstrated in Table 2 , being treated by a predominantly adult practice provider was not associated with increased inpatient mortality (OR, 5.86; 95 % CI, 0.70-48.86) in the unadjusted analysis. Similarly, adjusting for confounders with a mixed-effects multivariable logistic regression model (Table 2 ) demonstrated a lack of association of predominantly adult practice with inpatient mortality (OR, 1.20; 95 % CI, 0.61-2.38), which persisted after the propensity score adjustment (OR, 5.81; 95 % CI, 0.67-50.49).
Length of stay
Among pediatric patients undergoing cerebrovascular procedures, the median LOS was 2 (IQR 3) after treatment by predominantly adult practice providers and 2 (IQR 2) after treatment by predominantly pediatric providers. As demonstrated in Table 2 , being treated by a predominantly adult practice provider was associated with increased LOS (difference, 0.12; 95 % CI, 0.02-0.21) in the unadjusted analysis. However, adjusting for confounders with a mixed-effects multivariable logistic regression model (Table 2 ) demonstrated a lack of association of predominantly adult practice with LOS (adjusted difference, 0.003; 95 % CI, −0.09 to 0.10), which persisted after the propensity score adjustment (adjusted difference, 0.04; 95 % CI, −0.06 to 0.14).
Discharge to a facility
Among pediatric patients undergoing cerebrovascular procedures, 43 (6.9 %) patients were discharged to a facility after treatment by predominantly adult practice providers and 20 (3.3 %) after treatment by predominantly pediatric providers. As demonstrated in Table 2 , being treated by a predominantly adult practice provider was associated with increased rate of discharge to a facility (OR, 2.20; 95 % CI, 1.28-3.78) in the unadjusted analysis. However, adjusting for confounders with a mixed-effects multivariable logistic regression model (Table 2 ) demonstrated a lack of association of predominantly adult practice with rate of discharge to a facility (OR, 1.50; 95 % CI, 0.73-3.09), which persisted after propensity score adjustment (OR, 1.73; 95 % CI, 0.98-3.07).
Discussion
Using a comprehensive all-payer cohort of pediatric patients in the New York state who underwent cerebrovascular interventions, we did not identify an association of treatment by providers who hold a predominantly adult practice with inpatient mortality, LOS, or discharge to a facility. Our results were robust when considering several advanced observational techniques to account for confounders and control for clustering at the hospital level. The treatment of these patients can be demanding given the challenges of the pathology in this particular age group [3] [4] [5] . Little attention has been paid to the impact of the scope of practice of treating providers and the outcomes of this population.
Prior studies have examined the outcomes of cerebrovascular interventions in children [3-5, 8-10, 15] . Due to the rarity of this pathology in pediatric patients, most investigations are retrospective analyses of single-center experiences. Their results, therefore, have limited generalization. The lack of control for clustering and the limited use of multivariable methods additionally restrict the scope of these investigations. In one of the most recent series, Sanai et al. [13] summarized a Based only on comorbidities present on admission. ∅ means output suppressed to comply with the reporting rules of SPARCS, which do not allow printing of output involving less than 11 patients SD standard deviation 30-year experience with cerebral aneurysm treatment in children for a single referral center. They were able to report on only 32 patients with 78 % good neurological recovery. The common denominator of all these experiences [3-5, 8-10, 15] is that pediatric cerebral aneurysms are more commonly giant or fusiform, posterior circulation based, and present with mass effect rather than subarachnoid hemorrhage. Additionally, mycotic aneurysms are more frequently observed in children in comparison to adults (10 versus 2-3 % respectively of all cerebral aneurysms) [3] . The analyses on the treatment of AVMs and vein of Galen malformations are not restricted to children and examine the multimodal treatment options available [4, 5] . No prior investigation in this population has focused on the practice characteristics of treating physicians, in an effort to reconcile the expertise of providers focusing on pediatric care and that of providers focusing on adults.
In our study of a broad range of cerebrovascular pathology, we intentionally addressed these limitations. First, we created a cohort of almost all pediatric patients in the New York state, giving a true picture of global practice in this age group. Our analysis for the first time considers the real-world representation of providers with predominantly adult practices, as well as predominantly pediatric providers to address this question. Second, we used advanced observational techniques to control for confounding including propensity score stratification. The possibility of clustering, which can bias the results of multicenter national studies, was accounted for at the hospital level. Results were consistent across techniques, supporting the validity of the observed associations.
Our study has several limitations common to administrative databases. First, residual confounding could account for some of the observed associations. However, this is minimized with the various advanced techniques we employed for risk-adjustment. Second, coding inaccuracies will undoubtedly occur and can affect our estimates. However, several reports have demonstrated that coding for cerebral aneurysms and cerebrovascular disease has shown nearly perfect association with medical record review [11, 14] . Additionally, coding for procedures is rarely inaccurate, given that it is a revenue generator, and is under scrutiny by payers.
Third, although SPARCS includes all hospitals from the entire New York state, the generalization of this analysis to the US population at large is uncertain. SPARCS does not provide any clinical information on the structure, size, or location of pathology, which are important factors in cerebrovascular interventions. However, we expect that physicians would treat similar pathology in a similar way regardless of whether they have a combined practice. Fourth, we were lacking long-term data on our patients. Quality metrics (i.e., modified Rankin score) are also not available through this database. Therefore, we cannot analyze the difference of physician expertise in regards to these measures. Alternatively, this question can be answered by the creation of large, long-term registries, with such efforts currently being underway [12] . Quality of life outcome measures or patient satisfaction metrics could be used instead in future prospective investigations. Finally, causality cannot be definitively established based on observational data, despite the use of advanced techniques.
Conclusions
The impact of the scope of practice of providers (predominantly adult versus predominantly pediatric) on the outcomes of cerebrovascular procedures in children remains an issue of debate. In a cohort of pediatric patients undergoing cerebrovascular procedures from a comprehensive all-payer database, we were not able to demonstrate a difference in mortality, discharge to a facility, and LOS between providers with predominantly adult practices and predominantly pediatric providers. Future comparative effectiveness studies will likely need to be based on prospective registries using quality outcome metrics. Contributorship statement KB performed the concept, design, manuscript preparation, and data interpretation. SM performed the data analysis, statistical analysis, data interpretation, and critical review of the manuscript.
SC performed the data analysis, statistical analysis, data interpretation, and critical review of the manuscript.
TM performed the data analysis, statistical analysis, data interpretation, and critical review of the manuscript.
Compliance with ethical standards
Funding The study was supported by a grant from the National Center for Advancing Translational Sciences (NCATS) of the NIH (Dartmouth Clinical and Translational Science Institute-UL1TR001086). The funders had no role in the design or execution of the study.
